Abstract. Royal jelly (RJ) is one the most important bee product because it strongly influences the larval development in the hive, including the queen bee. In literature, RJ is known for its antioxidant, immunoregulatory, antifungal, antibiotical, erythropoietic, hypoglycemic, anticholesteremic, antithyroidic, anti-osteoporotic and estrogenic properties. However, it is surprising how rare the scientific evidence about RJ antineoplastic capacity are. That being said, we investigated, for the first time, the in vitro bioactivity of six different RJs on the growth of three different mammalian cell lines: immortalized murine myoblasts (C2C12), human prostate cancer (PC3) and human neuroblastoma (SH-SY5Y). These studies were performed treating the cells with the only lipophilic, or hydrophilic, fraction of the RJs, a scientific approach never performed before. Moreover, chemical and protein profiles of all RJs were finely characterized, in qualitative and quantitative terms, by GC-MS and 1D-SDS-PAGE, respectively, in order to give a complete framework to the research. Despite the deep differences we found in the composition of each sample, unexpectedly, RJs showed comparable or very similar biological effects. In particular, our attention was captured by the extraordinary antiproliferative activity of the lipophilic extract of all RJs against SH-SY5Y cells, suggesting a potential medical application of this bee product to prevent the onset and slow down the growth of human neuroblastoma.
Introduction
Royal jelly (RJ) is an animal secretion produced by hypopharyngeal and mandibular glands of worker honeybees (Apis mellifera L.) that are from 5-to 14-day-old. It represents the principal food source for all the larvae in the hive, until the third day of age, and for the queen bee, for the whole life (1) . As the queen honeybee is the only fertile organism in the hive, its life expectancies are the highest of the colony and its morphological traits are unique and very peculiar (i.e. big dimensions, reduction of faringeal and wax glands, absence of pollen pocket, growth of pheromonal glands and gonads), it appears clear that a RJ-based diet can strongly influence honeybee's development and destiny, acting on gene expression and metabolism (2) .
RJ chemical composition varies according to honeybee species, physiological state of the colony, environmental conditions and production period. Generally, it contains water (50-60%), nitrogen compounds (18%), sugars (15%), lipids (3-6%), mineral salts (1.5%) and traces of vitamins (3) . Among nitrogen compounds, free essential amino acids, several enzymes (i.e. glucose oxidases, phosphatases and cholinesterases) and five honeybee typical proteins (major royal jelly proteins, MRJP) were detected (4) (5) (6) (7) . Fructose is the main carbohydrate (50%), followed by glucose (33-43%), sucrose (6%) and other minor saccharides (8) . Finally, although in low concentration, the lipid profile may be considered a fingerprint for RJ. This class of molecules includes short-chain (8C-10C) fatty acids, such as trans-10-hydroxy-2-decenoic acid (10-HDA), non-polar lipids, sterols, including cholesterol, and a non-saponifiable fraction of hydrocarbons (9) (10) (11) .
Various studies document that RJ possesses many biological properties on murine and human cell systems. In particular, it was demonstrated to have antioxidant (12, 13) , anti-inflammatory (14) , anticholesteremic (15) , hypoglycemic, erythropoietic (16) , antithyroidic (17) , immunostimulatory (18, 19) , anti-osteoporotic (20) , antifungal and antibiotic properties, especially against Escherichia coli, Salmonella ssp., Proteus ssp., Bacillus subtilis and Staphylococcus aureus (21, 22) . In addition, Taniguchi et al (23) and Shirzad et al (24) demonstrated that RJ had an important role in control and regression of murine fibrosarcoma tumors. Of note, Tamura et al (25) even suggested that RJ could exert a significant antiproliferative activity against slow-growing cancers but not towards fast-growing ones. However, it is surprising and unexpected to note the scarce scientific evidence reported on RJ antineoplastic power.
To extend our knowledge on RJ medical potentialities, we investigated the in vitro bioactivity of six different RJs on the growth of three mammalian cell lines: immortalized murine myoblasts (C2C12), human prostate cancer (PC3) and human neuroblastoma (SH-SY5Y). In fact, no data are provided in literature on the effect of this matrix on these specific cells. Moreover, the originality of our study also consisted in performing separate analyses on the lipophilic and hydrophilic portions of the RJs, an approach never performed before, in order to better discriminate the biological role of both these fractions. Finally, to establish a complete framework, biochemical and protein profiles of the RJs were deeply characterized by gas chromatography-mass spectrometry (GC-MS) and one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (1D-SDS-PAGE), respectively.
Materials and methods
Sample material. Six different RJs were used in the current study. Three of them (P1, P2 and P3) were bought directly from local producers of RJ, while the others (G1, G2 and G3) were purchased from national Pharmaceutical Societies. The Honey Research Center of the university of Rome 'Tor Vergata' certified freshness, authenticity and quality (i.e. absence of pesticide and antibiotic contamination) of the samples. RJs were stored at 4˚C until their analysis.
GC-MS analysis.
For GC-MS study, RJs were separated in two fractions, according to their lipophilicity, as described in Isidorov et al (26) . briefly, 500 mg of RJ were resuspended in 10 ml of diethyl ether and constantly mixed for 15 min at room temperature. Then, after centrifugation for 5 min at maximum speed (13.000 rpm) at 4˚C, the supernatant was recovered, filtered by a Millipore 0.45 µm sieve and conserved at 4˚C. On the other hand, the pellet, containing more polar and less lipophilic compounds, was subjected to methanol extraction, following the same identical steps previously performed in the procedure with diethyl ether. Finally, both samples were completely dried out under nitrogen flow and then resuspended with 500 µl of diethyl ether or methanol, respectively. Each extract (1 µl) was injected in a GC-MS instrument (QP2010 Shimadzu, Japan) and analyzed. The chromatographic separation was performed, in a Db-5 column (30 m x 0.25 mm x 0.25 µl; Agilent Technologies, Santa Clara, CA, uSA), setting the GC oven as follows: 50˚C for 10 min, 150˚C (reached at a rate of 5˚C/min) for 10 min, 280˚C (reached at a rate of 1˚C/min) for 35 min. Helium was used as carrier gas at a constant flow of 2.1 ml/min. MS conditions and details about the identification of the molecules was the same of those reported in Gismondi et al (27) . The amount of each compound was expressed as percentage of its relative abundance in the RJ, as described in Giovannini et al (28) .
Protein study. Lipophilic and hydrophilic protein portions of RJs were purified according to the procedure of Li et al (29) adequately modified. In brief, 200 µl of 1X phosphatebuffered saline (PbS) were added to 100 mg of RJ. The solution was vortexed for 5 min, sonicated for further 5 min and centrifuged for 10 min at maximum speed at 4˚C. The supernatant, containing the hydrosoluble protein portion, was recovered, transferred into a new Eppendorf tube and stored at 4˚C. On the contrary, the pellet was resuspended with 200 µl of solubilization buffer (Sb: 7 M urea; 2 M thiourea; 4% 3-[(3-cholamido propyl)-dimethylammonio]-1-propane sulfonate; 0.8% IPG-buffer pI 3-10 nL; 1% DTT) and subjected to the same previous passages. This second supernatant, including the liposoluble protein portion, was conserved at 4˚C, while the pellet was discarded. At this point, both the extracts were enriched with 22 µl of 100% trichloroacetic acid and put on ice for 10 min, in order to favour protein precipitation. Then, samples were centrifuged at 4˚C for 10 min at maximum speed. While the supernatants were discarded, the protein pellets, resuspended with 100 µl of Sb, were stored at -20˚C until their analysis. Protein quantitation was carried out according to bradford (30) method, using a specific dye reagent (Quick Start bradford, bio-Rad Laboratories, Milan, Italy) and bovine serum albumin as standard (Sigma-Aldrich, Milan, Italy). Finally, protein samples were fractionated through 1D-SDS-PAGE (12% concentrated) for 30 min at 80 V and further 60 min at 120 V. Gels were stained with Coomassie blue (G-250) for 2 h, destained three times for 30 min in methanol, acetic acid and water (2:3:5; v/v/v) and photographed by VersaDoc (bio-Rad Laboratories) instrument associated to Quantity One software (bio-Rad Laboratories).
Cell growth assay. Lipophilic and hydrophilic fractions of each RJ were purified as follows. RJ (250 mg) were resuspended in 1 ml of 1X PbS, vortexed for 30 min and centrifuged at maximum speed for 10 min at 4˚C. The supernatant, containing the hydrosoluble portion of RJ, was transferred into a new Eppendorf tube, while the pellet was resuspended in 1 ml of dimethyl sulfoxide (DMSO) and subjected to the same previous protocol, in order to obtain the liposoluble portion of RJ. Hence, the final pellet was discarded, while both the extracts were stored at 4˚C until their application as cell treatment. Tumoral (PC3 and SH-SY5Y) or health (C2C12) mammalian cell lines were cultivated as widely reported in Gismondi et al (31) . In particular, PC3 and C2C12 were propagated in D-MEM (Dulbecco's modified Eagle's medium), while SH-SY5Y in D-MEM/Ham's F12 (1:1). Cells were equally distributed in 24-well plates and treated, for 24 and 48 h, with 1, 3 or 5 µl of hydrophilic or lipophilic RJ extract per ml of culture medium, which corresponded to the hydrosoluble or liposoluble molecules contained in 250, 750 and 1250 µg of RJ, respectively. Control cells (CnT) were treated with equal volumes of PbS 1X or DMSO for the same times. Cell growth was monitored using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay carried out exactly according to manufacturer's guidelines (Sigma-Aldrich). Results were expressed as percentage variation of the cell proliferation with respect to control (PbS or DMSO CnT), considered as unit (100%).
Statistics. All data were expressed as mean ± standard deviation (s.d.) of the relative results obtained in three independent replicates (n=3). The significance of the analyses was measured by One-way AnOVA test, using PAST software; p-values <0.05 (vs. control) were considered significant.
Results

GC-MS profiles of RJs.
GC-MS analysis detected 276 molecules in the diethyl ether extracts of the RJs. On the contrary, the methanol extractions appeared to be richer than the previous ones, containing a total of 348 different compounds. In fact, as shown in Fig. 1 , the GC profiles of the methanol extracts presented a higher number of peaks in comparison with the chromatograms obtained analyzing the diethyl ether extracts of the RJs.
The lists of molecules identified both in diethyl ether and in methanol extracts of each RJs are shown in Table I . In this table, the amount of each compound was reported as percentage of relative abundance (% RA) in the RJ. In order to resume our results, all the molecules revealed into the diethyl ether extracts were grouped in four classes of frequency: class 1, including compounds identified in all the RJs; class 2, containing molecules present, at least, in 4 RJs; class 3, presenting rare compounds detectable in 2 or 3 RJs; class 4, clustering all the substances which could be found only in one RJ. According to this classification, in the diethyl ether samples, we detected 4 molecules for the class 1 (eicosane; dodecane 2,6,11-trimethyl; octacosyl trifluoroacetate; phenantrenemetil-2-phenilcinnamato) and 13, 49 and 210 other compounds for the class 2, 3 and 4, respectively (Table I) . Likewise, the chemical species identified in the methanol extracts were grouped in similar classes of frequency. In this case, no molecule could be included in class 1, while 15, 66 and 267 compounds were grouped in class 2, 3 and 4, respectively (Table I) .
To better describe the mean composition of the RJs, we further classified all the molecules detected in the diethyl ether extracts in different molecular groups as follows: alkanes (25.27%), acids (including fatty acids; 19.92%), aromatic derivatives (17.02%), alcohols (15.94%), alkenes (7.60%), carbohydrates and sugary derivatives (1.81%), quinolinic derivatives (1.45%), oligopeptides and amino acids (1.08%), coumarins (0.72%) and others (i.e. aldehydes, ketones, nitrilic derivatives; 10.50%). In contrast, on the average, the methanol extracts of the RJs contained a high concentration of fatty acids (37.35%) followed by alcohols (13.21%), aromatic derivatives (10.34%), alkanes (5.45%), carbohydrates and sugary derivatives (4.02%), oligopeptides and amino acids (4.02%), alkenes (3.44%), quinolinic derivatives (2.01%), cholesterol derivatives (0.6%) and others (i.e. aldehydes, ketones, nitrilic derivatives; 19.54%).
The diethyl ether extract of the P1 RJ revealed the highest level of 10-HDA (7.41%) of the remaining ones. Moreover, only this sample presented the squalane (1.93%), an ester of the leucin (0.07%), a glycine dipeptide (0.22%) and the decanedioic (0.04%) and myristoleic (0.03%) acids. P1 methanol extract Table I . Detailed GC-MS profiles of diethylether and methanol extracts of RJs. Gas-chromatographic profiles. For each diethyl ether and methanol extract of the RJs (P1, P2, P3, G1, G2 and G3), the list of molecules identified by GC-MS analysis was shown. For each fraction, all compounds were grouped in 4 classes, according to their detection in the RJ samples (class 1, including compounds identified in all the RJs; class 2, containing molecules present, at least, in 4 RJs; class 3, presenting rare compounds detectable in 2 or 3 RJs; class 4, clustering all the substances which could be found only in one RJ). The percentage of relative abundance of each molecule, with respect to the amount of total compounds revealed in the same sample (100%), was also reported in brackets after each compound. All results represented the mean of three independent measurements. For each compound the maximum s.d. was always lower than 5% of the value corresponding to the relative chromatographic peak area.
was characterized by high doses of 2-Furancarboxaldehyde, 5-(hydroxymethyl) (18.60%) and Erucylamide (24.70%). It was also the richest of the RJs in typical molecules (class 4), including 80 different peculiar compounds (see Table I ). P2 sample showed the greatest amounts of 2-Isopropyl-5-methyl-1-heptanol (2.64%), 8-nonen-2-one (3.02%) and Octanoic acid (1.17%), with respect to all the other diethyl ether extracts. On the other hand, it was the least characteristic of the RJs, according to the low number (n. 19) of specific compounds (class 4) which typified it. The methanol extract of the P2 RJ was rich in 2-furancarboxaldehyde, 5-(hydroxymethyl) (20.20%), 10-HDA (5.92%), 2,5-dimethyl-4-hydroxy-3(2H)-furanone (4.75%), erucylamide (4.64%) and 2-furancarboxaldehyde, 5-methyl (4.61%). Among the substances unique in this sample we found an ester of the butanoic acid (9.55%), the 2-decenoic acid (1.01%), the 3-Hydroxydecanoic acid (1.07%) and traces of ribose and ascorbic acid.
P3 showed a diethyl ether extract which presented the highest concentration of 1,6-heptadiene, 2-methyl-6-phenyl (10.99%) among all the other RJs. Moreover, it typically contained phthalic and butanal derivatives. The methanol preparation of this RJ was rich in 2-furancarboxaldehyde, 5-(hydroxymethyl) (23.92%), 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl (15.77%) and 1,2-cyclopentanedione, 3-methyl (7.33%). The same extract singularly included trans-13-octadecenoic acid (1.29%), quinoline, 8-hydrazino (1.28%), ascorbic acid (0.05%) a galactofuranoside derivative (0.71%), a pentanoic acid ester (0.14%) and a glycin (0.01%) ester.
The GC profile of the G1 diethyl ether extract revealed the highest level of eicosane (16.58%) and tetratetracontane (4.17%). Sixty-two different molecules, such as methylcinnamene and capric ether, typically characterized this sample (class 4, Table I ). The methanol extract of the G1 RJ presented the most elevated doses of decanoic acid, 2-hydroxy-(4.74%), 2-furanmethanol (4.18%) and 2(5H)-furanone (2.13%) with respect to the other RJs. Moreover, propanoic acid (11.81%) and pentanoic acid (12.52%) esters represented the most abundant specific markers of this same sample.
The diethyl ether extracts of the G2 and G3 RJs showed the higher concentration of octacosyl trifluoroacetate (13.68%) and benzonitrile, m-phenethyl (43.70%), respectively. In particular, G2 sample was typified by the presence of 3-butynyl-benzene, 3,5-bis(1,1-dimethylethyl)-phenol and 2-(2-methylpropyl)-quinoline, while G3 preparation was characterized by high doses of 2-Cyclopenten-1-one, 2-hydroxy-(9.22%) and 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-(12.58%). The G2 methanol extract revealed elevated amounts of 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-(38.22%), benzonitrile, m-phenethyl (10.20%) and 2-cyclopenten-1-one, 2-hydroxy (19.64%). The same extract singularly included 3-butyn-1-ol (2.97%), n-dlalanylglycine (0.15%), Stearic acid ester (0.05%) and a mannitol derivative (0.1%). On the other hand, the methanol extract of the G3 RJ was rich of benzonitrile, m-phenethyl (27.67%), 2-furancarboxaldehyde, 5-(hydroxymethyl) (32.14%) and glutaconic anhydride (2.35%). Finally, 6-oxa-bicyclo-hexan-3-one, 5-amino-6-nitroso-pyrimidine-2,4(1H,3H)-dione, 3-pentenyl-benzene, 9-hydroxy-2-nonanone and cyclopentaneundecanoic acid were the compounds that could be identified only in G3 sample.
Protein quantitation and analysis. Hydrosoluble and liposoluble protein portions of the RJs were purified as reported in Materials and methods and then quantified by bradford method (30) . As shown in Table II , all the RJs contained a greater amount of hydrosoluble proteins than liposoluble ones. In particular, the highest and the lowest contents of hydrophilic proteins were detected in G3 (1.174 µg/mg) and P2 (0.831 µg/mg) samples, respectively. On the other hand, G2 was the richest sample in lipophilic proteins (0.545 µg/mg) among all the RJs, while P3 (0.207 µg/mg) the poorest one. Protein extracts were then subjected to one dimensional denaturing gel electrophoresis and Coomassie Blue staining (Fig. 2) . no qualitative difference could be observed among the various samples. In general, the hydrophilic protein profile of all the RJs was characterized by 8 principal bands. According to literature data (5,32) and thanks to a standard of molecular weights (MW), we were able to recognize each one of the protein spots. In particular, MRJP1, MRJP2, MRJP3, their isoforms and their fragments were identified ( Fig. 2A) . In the same manner, we also identified the three protein bands detected in the gel lanes where the lipophilic portions of the RJs were fractionated. They corresponded to MRJP5 and to its isoform and fragment (Fig. 2b) .
Biological activity of the RJs on mammalian cells.
The lipophilic and hydrophilic fractions of the RJs were purified as described in Materials and methods and used to treat, for 24 and 48 h, three mammalian cell lines: C2C12, PC3 and SH-SY5Y. In particular, all the treatments were performed at three different concentrations, that is the equivalent of the hydrosoluble or liposoluble molecules contained in 250, 750 and 1250 µg of RJ, respectively, per ml of culture medium. Cell growth was measured by MTT assay and the data are reported in Fig. 3A-F .
In C2C12, the hydrophilic extracts of the RJs, except that P1, slightly induced an increase of cell proliferation after 24 h of incubation with the lowest dose (maximum value +24.95% for G1). On the other hand, all the other treatments, at 24 and 48 h with the remaining concentrations, showed a weak reduction of cell growth, reaching the best antiproliferative effect (-37.53%) using the P2 hydrophilic fraction at 1250 µg/ml for 48 h. Singularly, G1 sample determined an increase of C2C12 cells after 48 h of exposure to 750 µg/ml (Fig. 3A) .
All lipophilic portions of the RJs caused a slight decrease of C2C12 proliferation after 24 h of exposure with 250 and 750 µg of extract per ml of culture medium (maximum value -26.01% for P2 at 750 µg/ml). The same treatments, after 48 h, showed a rescue of the cell growth (maximum value +36.51% for G3 at 750 µg/ml), except the P3 sample. At the highest concentration, the RJ fractions did not exercise a significant variation of the cell reproduction at 24 h, while, at 48 h, P1, G2 and G3 samples induced hyperproliferative phenomena (maximum value +36.51% for G3) (Fig. 3b) .
PC3 cells did not show any substantial modification of their cell growth after exposure, for 24 h, to all doses of the hydrophilic fractions, except G3 (+30.46% at 750 µg/ml; +22.41% at 1250 µg/ml). In contrast, after 48 h, all treatments caused an increase of the cell count. In particular, G1 was the most proliferative extract, amounting to +75.95% and +114.14% at 750 and 1250 µg/ml, respectively (Fig. 3C) .
In PC3 cells, all lipophilic extracts of the RJs did not induce significant changes in the proliferation rate. In general, results of all treatments at 250 µg/ml, for 24 h, at 750 µg/ml, for 24 and 48 h, and at 1250 µg/ml, for 48 h were very similar to the control, expect that G1 (+14.20%) and P2 (-17.41%) at 750 and 1250 µg/ml, in that order, after 48 h. On the other hand, we observed that the lowest dose of treatment with all RJ fractions caused, after 48 h, a weak antiproliferative effect (maximum value -24.00% for G3), while the highest one determined, at 24 h, a feeble pro-proliferative effect (maximum value +16.63 for G2) (Fig. 3D) .
SH-SY5Y cells reduced their proliferation after exposure, for 24 h, to the lowest dose of hydrophilic extracts (maximum value -30.83% for P1). All the other treatments at 250 µg/ml, for 48 h, at 750 µg/ml, for 24 and 48 h, and at 1250 µg/ml, for 24 h, determined a variable decrease of the cell growth (maximum value -26.83% for P2 at 1250 µg/ml), except that P2 and G2 extracts in some cases. After 48 h, the highest doses of P1, P2 and G1 samples did not produce any significant alteration compared to the control, while P3, G2 and G3 ones induced an increase of the cell proliferation of +24.74%, +55.97% and +41.72%, respectively (Fig. 3E) .
Surprisingly, all lipophilic fractions of the RJs caused a strong reduction of SH-SY5Y cell growth, in a dose-and timedependent manner. In particular, after treatment at 1250 µg/ml for 48 h, the cell proliferation was reduced by RJ extracts in a range which varied between -65.62% (P1 sample) and -79.53% (P3 sample) (Fig. 3D) .
Finally, to facilitate the comprehension of the biological effect exerted by all RJs on the mammalian cell lines and individuate the general trend of their treatments, the mean of the results previously obtained after exposure with the different RJ fractions, in each condition, was calculated (Fig. 4) .
Discussion
We studied the biochemical composition of six different RJs, with the purpose of understanding if these matrixes were characterized by homogeneous and similar chemical profiles or by specific and typical spectra. To do it, a high-throughput GC-MS analysis was carried out both on methanol and on diethyl ether extracts of the RJs (Fig. 1) , detecting a total of 348 and 276 different compounds, respectively (Table I) . Literature data usually report a substantially lower number of molecules associated to RJ (11, 26) , indicating that the present research can be considered a very in-depth and original work which does not limit itself to the identification of the main chemical markers of the RJ but reveals all its components. In general, the amount of substances that were peculiar of only one sample (class 4 for each type of extraction, Table I ) was always greater than those commonly detectable in two or more RJs (classes 3, 2 and 1), suggesting that these bee products are almost impossible to standardize. In fact, RJ composition is strongly dependent on several factors, such as environment conditions, genetics and physiology of the bee colony, plant biodiversity distributed around the hive (33) .
The chromatographic study revealed that the acids, including free fatty acids, were the most abundant compounds in all RJs, as widely reported in literature (34, 35) . In particular, 10-HDA and its saturated form, considered as authenticity and freshness markers of RJs (36) , were detected in all matrixes, except in G2 and G3, suggesting that these molecules cannot be used as absolute parameters for RJ certification and/or that G2 and G3 samples were partially spoiled (deriving from large distribution network, see Materials and methods). In the RJs, we also detected high concentrations of plant phenolic derivatives (i.e. m-phenethyl-benzonitrile) and alcans (i.e. eicosane) with antimicrobial and antioxidant properties, in coherence with other works (37, 38) . On the other hand, low doses of sugars and peptides could be revealed only in methanol extracts.
Another innovative aspect of the current work was the fractionation of the RJ proteins according to their lipophilicity. All RJs showed an higher content of hydrosoluble proteins than liposoluble ones (Table II) . Thanks to one-dimensional SDS-PAGEs (Fig. 2) , we were also able to separate and distinguish these proteins in all samples. In particular, MPRJ1 appeared as the most abundant of the hydrophilic proteins, followed by MPRJ2 and 3. On the contrary, MPRJ5 was the only one which could be found in the lipophilic protein extracts. Finally, MPRJ4 was not detectable in any fractions, as expected due to the low expression level of its mRnA in nurse bees (39) . The multiple isoforms and fragments of the RJ proteins could be easily explained by the existence of several repeated regions into their amino acidic sequences and by degradation processes, respectively (32) . In general, our results did not reveal qualitative differences in the protein profiles of the six samples, as happened in GC-MS analysis, possibly because the protein composition of the RJ is influenced by fewer factors than its chemical assortment.
Since only a few scientific works describe the antineoplastic properties of the RJ, we focused our research on in vitro analysis of the biological effect of RJs on cell growth of three different mammalian cell lines (C2C12, PC3 and SH-SY5Y). The choice of these specific cell models was encouraged by the lack of studies on RJ bioactivity on them. Moreover, for the first time in literature, the cell treatments were carried out using, separately, both hydrophilic and lipophilic fraction of the RJs, at various concentrations and times. With respect to the control, each fraction of RJ exercised a typical effect on the growth rate of the treated cells (Fig. 3) . However, in most cases, we observed that extracts of different RJs surprisingly induced a similar proliferative trend on the same cells; although each RJ had a peculiar biochemical profile (Table I ) and protein content (Table II) .
In general, the hydrophilic fraction of the RJs caused a small decrease of C2C12 proliferation, while the respective lipophilic portion determined just a slight increase of the cell growth, both in a time-and dose-dependent manner (Fig. 4A  and b) . On PC3, the hydrophilic extracts caused a timedependent over-proliferation, while the lipophilic ones did not show any significant effect (Fig. 4C and D) . Finally, the hydrophilic samples did not effectively influence SH-SY5Y growth rate, whereas antiproliferative effects were extraordinarily revealed by the lipophilic fractions, according to concentration and exposure of the treatments (Fig. 4E and F) . This last outcome could suggest a potential medical application of the lipophilic portion of the RJ as antineoplastic treatment for human neuroblastoma. Similar results were already described in Tamura et al (25) , where the authors reported that lipid components of the RJ presented antineoplastic property against slow-growing cancers (i.e. P388 and L1210 murine lymphocytic leukemias, 180 murine sarcoma), such as SH-SY5Y neuroblastoma we studied. Obviously, other in vitro and in vivo studies should be carried out to confirm this hypothesis. Finally, the use of RJ to prevent the onset and slow down the growth of the neuroblastoma could also be supported by the evidence, documented in Hashimoto et al (40) and Hattori et al (41) , which proved that RJ fatty acids (in particular 10-HAD) showed neurotrophic and differentiative activity on murine neuronal cells. It is quite difficult to establish which RJ compound exerts antiproliferative effects, since RJs usually possess very different compositions, as demonstrated in the present study. However, we hypothesize that this specific bioactivity is strongly linked to lipophilic molecules, such as those detected in all our samples (eicosane; dodecane, 2,6,11-trimethyl; octacosyl trifluoroacetate; phenantrenemetil-2 phenilcinnamato; class 1, Table I ). The predominant biological role that literature assigned to 10-HAD (and its saturated form) in the RJ was unexpectedly not confirmed in the current research. In fact, all RJs induced SH-SY5Y growth inhibition, although some of them were lacking this fatty acid. Previous evidence let us to believe that all RJ compounds work in synergy to reach the final observed effect.
In conclusion, all lipophilic fractions extracted from chemically different RJs surprisingly shared a common antitumoral feature against human neuroblastoma.
